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We examined the effect of antibiotic treatment on establishment of intestinal colonization by Candida
glabrata in adult mice. Subcutaneous ceftriaxone, piperacillin-tazobactam, clindamycin, and metronidazole
promoted increased density of stool colonization, whereas cefepime, levofloxacin, and aztreonam did not. These
findings suggest that antibiotics that inhibit intestinal anaerobes promote C. glabrata colonization.

The gastrointestinal tract is a primary site of colonization by
Candida species and is frequently a source for hematogenous
dissemination in cancer patients (1). Antibiotics play a crucial
role in the pathogenesis of Candida infections by inhibiting
competing indigenous microflora, thereby facilitating acquisi-
tion and overgrowth of Candida species in the gastrointestinal
tract and at other sites (1). Several studies suggest that antibi-
otics that inhibit obligate anaerobes in the intestinal tract may
be more likely to promote overgrowth of C. albicans than those
that do not (1, 4, 5, 7, 8–11), but little data regarding the effect
of antibiotics on colonization with other Candida species are
available. We used a mouse model to test the hypothesis that
antibiotics with potent activity against intestinal anaerobes
(piperacillin-tazobactam, metronidazole, ceftriaxone, and clin-
damycin) promote overgrowth of Candida glabrata, whereas
agents with minimal activity against anaerobes (cefepime, levo-
floxacin, and aztreonam) do not.

Four C. glabrata strains were used: ATCC 90030, MRL 191,
A129, and A239. The fluconazole MICs for the strains were 32,
16, 0.5, and 4 �g/ml, respectively. The experimental protocol
was approved by the Cleveland Veterans Affairs Medical Cen-
ter’s Animal Care Committee. Female CF1 mice (Harlan
Sprague-Dawley, Indianapolis, Ind.) weighing 25 to 30 g were
used. To prevent cross-contamination, mice were housed in
individual cages with filter tops. An initial experiment (four
mice per group) was performed to examine the ability of the
four C. glabrata strains to colonize the intestinal tract. Mice
were treated daily with subcutaneous normal saline (0.2 ml) or
piperacillin-tazobactam (8 mg in 0.2 ml of normal saline) for 2
days before and 6 days after orogastric inoculation of 108 CFU
of C. glabrata with a stainless steel feeding tube (Popper &
Sons, New Hyde Park, N.Y.). Piperacillin-tazobactam was cho-
sen for the initial experiment because we have previously dem-
onstrated that it inhibits anaerobes, facultative gram-negative
bacilli, and enterococci in the stool of mice (2). Fresh stool
samples were collected at baseline and 1, 3, and 6 days after

inoculation of C. glabrata. For quantification of C. glabrata,
serially diluted stool samples were plated onto Sabouraud dex-
trose agar (Becton, Dickinson, and Company, Sparks, Md.)
containing piperacillin-tazobactam (16 �g/ml) and incubated
in room air at 37°C for 48 h. The lower limit of detection was
�2 log10 CFU/g.

Strains A239 and ATCC 90030 were chosen to evaluate the
effect of different antibiotics on establishment of colonization
because they had the highest stool densities in the initial ex-
periment. Mice received daily subcutaneous antibiotics or sa-
line for 2 days before and 6 days after orogastric inoculation of
106 CFU of one of the C. glabrata strains. Antibiotics included
piperacillin-tazobactam (8 mg/day), ceftriaxone (2.4 mg/day),
cefepime (2.0 mg/day), levofloxacin (0.375 mg/day), aztreonam
(3.0 mg/day), and metronidazole (4 mg/day); for the experi-
ment with ATCC 90030, clindamycin (1.4 mg/day) was substi-
tuted for metronidazole because metronidazole caused signif-
icant soft-tissue irritation in the initial experiments. The
antibiotic doses were equal to the total daily dose recom-
mended for human adults (milligrams per kilogram of body
weight) with the exception of that for metronidazole, which
was given at approximately four times the usual dose because
increased dosages are required to inhibit the anaerobic micro-
flora of mice (2). Because cefepime, levofloxacin, and aztreo-
nam did not promote overgrowth at the lower doses, higher
human equivalent doses calculated by the technique of Freir-
eich et al. (3) (cefepime, 24 mg/day; levofloxacin, 4.7 mg/day;
aztreonam, 37.5 mg/day) were also administered for compari-
son in the experiments with strain A239. The density of C.
glabrata was measured as described above. The densities of
aerobic and facultative gram-negative bacilli and enterococci
were measured by plating the samples onto MacConkey agar
(Becton Dickinson and Company) and Enterococcosel agar
(Becton Dickinson and Company), respectively. The experi-
ments with strain A239 were performed twice with six mice per
group; one experiment was performed with ATCC strain 90030
with four mice per group.

To evaluate antibiotic-associated changes in the stool micro-
flora, denaturing gradient gel electrophoresis (DGGE) of
PCR-amplified bacterial rRNA genes was performed as previ-
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ously described (12) on stool samples obtained from three
mice from the above treatment groups. The similarities be-
tween the DGGE profiles were assessed by calculating simi-
larity indices based on the Dice similarity coefficient and the
unweighted pair group method using arithmetic averages for
clustering, and corresponding dendrograms showing relation-
ships among the DGGE profiles were constructed. The clin-
damycin, aztreonam, and cefepime groups were excluded be-
cause we have previously published data demonstrating the
effect of these agents on the DGGE patterns of mice (13);
clindamycin causes significant disruption of the DGGE pat-
terns, whereas aztreonam and cefepime do not (13).

Data analyses were performed with Stata (College Station,
Tex.) software (version 6.0). A one-way analysis of variance
was performed to compare the groups, with P values adjusted

for multiple comparisons using the Scheffe correction. Stu-
dent’s t test was used to compare DGGE similarity indices
among groups.

Figure 1 shows the stool densities of the four C. glabrata
strains in mice treated with piperacillin-tazobactam or normal
saline. The density of colonization was significantly higher in
the piperacillin-tazobactam-treated mice than in the saline
controls (P � 0.01 for each strain). Figure 2A shows the effect
of antibiotic treatment on establishment of colonization by
strain A239. In comparison to controls, the ceftriaxone, piper-
acillin-tazobactam, and metronidazole groups developed in-
creased density of colonization (P � 0.02), whereas the
cefepime, levofloxacin, and aztreonam groups did not (P �

0.15). Higher human equivalent doses of cefepime, levofloxa-
cin, and aztreonam calculated by the technique of Freireich et
al. (3) also did not promote significant overgrowth of C. gla-
brata A239, although there was a trend toward higher densities
in the aztreonam and cefepime groups. Mice in the ceftriax-
one, piperacillin-tazobactam, cefepime, levofloxacin, and az-
treonam groups had undetectable levels (limit of detection,
�2.5 log10 CFU/g) of total aerobic and facultative gram-neg-
ative bacilli (P � 0.01 for each group in comparison to con-
trols), whereas the density of these organisms in the metroni-
dazole group (mean � standard deviation [SD], 5.4 � 1.2 log10

CFU/g) did not differ from that for the controls (mean � SD,
4.9 � 0.61 log10 CFU/g) (P � 0.6). Figure 2B shows the effect
of antibiotic treatment on establishment of colonization by
ATCC strain 90030. In comparison to controls, the ceftriaxone,
piperacillin-tazobactam, and clindamycin groups developed in-
creased density of colonization (P � 0.0001), whereas the
cefepime, levofloxacin, and aztreonam groups did not (P �

0.89).
Figure 3 shows a representative DGGE gel. Marked alter-

ations were noted in the DGGE patterns of the ceftriaxone-,
piperacillin-tazobactam-, and metronidazole-treated mice
(mean similarity indices in comparison to controls, 17, 5, and
31%, respectively), whereas the levofloxacin-treated mice had
only minor changes (mean similarity index in comparison to
controls, 67%) (P � 0.0001). Preliminary analyses in our lab-

FIG. 1. Effect of subcutaneous piperacillin-tazobactam administra-
tion on the density of stool colonization with four strains of C. glabrata.
Mice received subcutaneous piperacillin-tazobactam or normal saline
daily from day �2 to day 6 and 108 CFU of the C. glabrata strains on
day 0. NS, normal saline; P/T, piperacillin-tazobactam; strain 1, A239;
strain 2, A129; strain 3, ATCC 90030; strain 4, MRL 191. Error bars
indicate standard errors.

FIG. 2. Effect of subcutaneous antibiotic administration on the density of stool colonization with C. glabrata strains A239 (A) and ATCC 90030
(B). Mice received subcutaneous antibiotics or normal saline daily from day �2 to day 6 and 106 CFU of C. glabrata on day 0. For strain A239,
pooled data from two experiments are shown. Error bars indicate standard errors.
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oratory suggest that the bands in the DGGE pattern of the
control mice predominantly represent anaerobic bacteria.

In summary, we found that antibiotics that inhibited intes-
tinal anaerobes based on DGGE analysis (piperacillin-tazobac-
tam, ceftriaxone, metronidazole, and clindamycin) promoted
persistent high-density colonization with C. glabrata. Antibiot-
ics that inhibited facultative gram-negative bacilli but not
anaerobes (levofloxacin, cefepime, and aztreonam) did not
promote C. glabrata colonization; other investigators have
demonstrated that such agents either do not promote intestinal
colonization with C. albicans or do so only to a modest degree
(4, 5, 7, 8, 10, 11). Antibiotic-associated overgrowth of Candida
species in the gastrointestinal tract may have important clinical
implications. Tomoda et al. (14) found that leukemia patients
with �105 Candida CFU/g of feces were significantly more
likely to develop Candida infections than patients with lower
densities of colonization. Louie et al. (6) demonstrated that

treatment of febrile neutropenic patients with moxalactam (a
potent antianaerobic antibiotic), but not with aztreonam, re-
sulted in inhibition of intestinal anaerobes and an increased
frequency of isolation of Candida from clinical cultures. Fur-
ther studies are needed to evaluate the effect of antibiotic
therapy on intestinal overgrowth of C. glabrata in patients.
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FIG. 3. DGGE patterns of stool samples obtained from mice on
day 3 of treatment with subcutaneous saline (lanes 2 and 3), levofloxa-
cin (lanes 4 and 5), piperacillin-tazobactam (lanes 6 and 7), ceftriaxone
(lanes 8 and 9), and metronidazole (lanes 10 and 11). A control pattern
(lanes 1 and 12) contained PCR products obtained from strains of
Escherichia coli, Fusobacterium nucleatum, Bacteroides thetaiotaomi-
cron, and Bacteroides uniformis.
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